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. It has been established that the membranes are largely composed of protein which, because of its high content of cystine and its insolubility is described as keratin. MORRIS ( 19 6 7 ) suggested that the membranes contained hydroxyproline. The presence of small amounts of hexosamine, galactose and probably mannose was shown by BAKER and B A r, CH ( 19 6 2 ) and of traces of sialic acid by FEE N E Y , RHODES and A NDERSON (Ig6o).
The presence of protein and firmly-bound sugar has also been shown histocheri l l C ally (SIMKISS, Ig58 ; MASSHOFF and STOI,P M A NN , I g6 I ; RO BIN SO N and KING, I g68). Of these M AS S HO FF and ST O I, PMANN ( 19 6 1 ) reported that the colour developed in the periodic acid-Sc ' hiff test for sugar was intense on the outside of the fibres and decreased markedly towards the centre. They also showed that treatment with hyaluronidase initially caused vacuolation of the sheath which swelled up and then shrank away from the core leaving a wide gap between the core and the residual sheath. There was no attack on the core of the fibre. Trypsin had a similar but less marked effect. After treatment with papain the sheath was destroyed as an entity, only irregular particles being left. The core was also attacked by papain and showed vacuolation and erosion of its edges. There was no separation of the fibrils that are visible when the core is highly magnified. They concluded that the core of the fibre was keratin while the sheath consisted of protein and mucopolysaccharide.
Although the structure of the shell membranes is well established there is no correspondingly detailed knowledge of their chemical composition. This paper describes some work designed to obtain such information.
EXPERIMENTAL
.11 aterials Preparation of membranes.
The inner membrane was separated as described by B ALCH and T YLE x ( 19 6 4 ) and the outer membrane was then removed from the shell with dilute hydrochloric acid. The membranes were washed thoroughly with water and bulked separately. Membranes from egg shells from hens of the following strains, Thornber 606, Thovnbev 404, Rhode Island Red X Light Sussex (R. 1. R. x L. S. j and Rhode Island Red X White Leghorn (R. 1. R. X W. L.) were dried at ioo o and had been stored dry, in air-tight bottles for several months. Membranes from Avbov Acres egg shells were freshly prepared and dried in vacuo over P 2 0, at 40°.
Preparation of autoclave extvacts.
In preliminary experiments various weights of finely-ground membrane were autoclaved at r.!6 kg./ CM 2 in io ml centrifuge tubes with sufficient water to cover the membrane. At the completion of the chosen time the tube and contents were cooled and centrifuged. _The extract was decanted and the residue was washed three times with water. The extract and washings were bulked, their volume reduced in vacuo over silica gel and the concentrated solution was finally freeze-dried. Serial extracts were prepared by repeated autoclaving of the residue which was finally dried in vacuo. For the experiment with Avbov Acres egg shell membranes a similar technique was used but about I g of material was autoclaved in a larger tube with 10 ml portions of water for successive 10 hour periods up to a total of 6 0 hours.
Methods
Hexosaaxines. Ide;ztification of sugars.
After hydrolysis as described above or by BAKER and B ALCH ( 19 6 2 ) neutral sugars were separated by two-way chromatography with double development in ethyl acetate-acetic acidwater ( 9 : 2 : 2 , by vol.) (A NDREWS , H OUGH and ONES, 1952 ) followed by a single development in ethyl acetate-pyridine-acetic acid-water f 5 : j : r :
( 5 : 3 : I : I , by vol.) (W OLFE , 1957 
Identification of amino acids
Application of the sensitive isatin/fi-dimethylaminobenzaldehyde staining procedure to two-way chromatograms from inner and from outer membrane from R. I. R. x W. L. and A y bo y Ac y es shells established the presence of small amounts of hydroxyproline in each membrane. Quantitative values for both the hydroxyproline and nitrogen contents of each membrane from egg shells from hens of five strains are given in Table 5 . The inner membrane always contained more hydroxyproline than the outer. Apart from hydroxyproline the pattern of amino acids for each membrane was consistent with the analysis of R. I. R. X L. S. mixed membranes given by BAKER and Bn!,cH ( 19 6 2 ) but the present chromatograms showed traces of other ninhydrin-positive substances. There were no marked differences between the two membranes.
A l ttoclaving experiments: amino acids :Material extracted from either membrane from two strains contained all the amino acids seen on chromatograms of the corresponding membrane but it always contained more hydroxyproline (Tables 2 and 3 ). Subjective assessment of chromatograms also suggested that it might contain much less cystine, less arginine, lysine and histidine but more glycine. A ninhydrin-positive substance that moved to a position consistent with its being y-amino-n-butyric acid was found in extracts from both R. I. R. X W. L. shell membranes. On Traces of it were also found in membrane, 10 hour extract and residual membrane after 6 0 hours autoclaving for both inner and outer membranes from Arbor Acres shells but no increase in concentration had occurred in the extract.
Three unidentified, ninhydrin-positive substances were seen on chromatograms of R. 1. R. X W. L. inner membrane extract and two on the corresponding outer membrane extract chromatograms. These all had low R F values in the acid solvent, similar to that for cystine, and rather low values in the basic solvent. The pattern suggested that the two in the outer membrane extract could correspond with two of those in the inner extract. These substances were present in low concentration.
Membrane chromatograms showed faint traces of ninhydrin-positive substances in the corresponding area thus suggesting that they are not artefacts due to the autoclaving technique. The 10 hour inner membrane extract from A y bor Acres shells again showed three unidentified spots but that from the outer membrane had four. All these spots were of low intensity but considerably stronger than the faint traces that were present on the corresponding membrane chromatograms. No traces were present in residual membrane after 6 0 hours autoclaving. On electrophoresis at pH 5 these unidentified substances from both extracts were found with the basic amino acids. There was, however, also a faint trace of another spot in the relevant area of the neutral amino acid chromatogram of each membrane extract.
Electronmicrosco py
When small, whole pieces of A y bov Acres inner or outer membrane were autoclaved, each piece remained as an intact tissue even after autoclaving for periods of up to 6 0 hours in increments of 10 hours. Sections of these and of corresponding unautoclaved membrane were prepared and examined with an electronmicroscope by Ir P. C. M. S IMONS and Dr. G. W W R 'rz. They reported the following results. « The effect of the autoclaving was not limited either to the sheath or to the core of membrane fibres. For the outer membrane the sheath became progressively thinner and its structure more granular and less compact. The core also appeared to be attacked as more holes were present after autoclaving than before. Although the micrographs suggested that more sheath than core was dissolved, some sheath was still present after 6 0 hours autoclaving. The thickness of the sheath of fibres from the inner membrane was little changed even after 6 0 hours autoclaving but its structure had become more granular and less compact. There was some evidence of attack on the fibre cores but this was less marked than for outer membrane fibres. 
